Because data to determine which preoperative laboratory tests are important in elderly surgical patients are limited, we performed a prospective cohort study to evaluate the prevalence and predictive value of abnormal preoperative laboratory tests in consecutive patients Ն70 yr old who were undergoing noncardiac surgery. Patients presenting for surgery requiring only local anesthesia or monitored anesthesia care were excluded. Preoperative risk factors and laboratory test results were measured and evaluated for their association with the occurrence of predefined in-hospital postoperative adverse outcomes. In 544 patients, the prevalence of preoperative electrolytes and platelet count abnormalities (Ͻ115 ϫ10 9 /L) was small (0.5%-5%), and abnormal creatinine (Ͼ1.5 mg/dL), hemoglobin (Ͻ10 g/dL), and glucose (Ͼ200 mg/dL) values were 12%, 10%, and 7%, respectively. Univariate predictors for adverse outcome of abnormal sodium and creatinine were not as predictive as ASA classification and surgical risk. By multivariate logistic regression, only ASA classification (ϾII) (odds ratio [OR], 2.55; 95% confidence interval [CI], 1.56 -4.19; P Ͻ 0.001) and surgical risk (OR, 3.48; 95% CI, 2.31-5.23; P Ͻ 0.001) were significant independent predictors of postoperative adverse outcomes. The prevalence of abnormal preoperative electrolyte values and thrombocytopenia was small and had low predictive values. Although more prevalent, abnormal hemoglobin, creatinine, and glucose values were also not predictive of postoperative adverse outcomes. Routine preoperative testing for hemoglobin, creatinine, glucose, and electrolytes on the basis of age alone may not be indicated in geriatric patients. Rather, selective laboratory testing, as indicated by history and physical examination, which will determine patient's comorbidities and surgical risk, seems to be indicated.
; P Ͻ 0.001) were significant independent predictors of postoperative adverse outcomes. The prevalence of abnormal preoperative electrolyte values and thrombocytopenia was small and had low predictive values. Although more prevalent, abnormal hemoglobin, creatinine, and glucose values were also not predictive of postoperative adverse outcomes. Routine preoperative testing for hemoglobin, creatinine, glucose, and electrolytes on the basis of age alone may not be indicated in geriatric patients. Rather, selective laboratory testing, as indicated by history and physical examination, which will determine patient's comorbidities and surgical risk, seems to be indicated. T he population in the United States is aging rapidly. Currently, 13% of people living in the United States are older than 65 yr. As the average life span is increasing, the US Census Bureau projects that in the year 2030, 20% of the population will be Ն65 yr old (1) . The use of health care resources by the elderly is disproportionately larger than the resources used by their younger counterparts. According to a report by the National Center for Health Statistics, 35% of procedures are performed in older patients (2) . Surgical procedures in older patients are associated with an increased morbidity and mortality rate, possibly because of an increased prevalence of coexisting diseases, decreased physiologic reserve, or a combination of these (3) .
Preoperative laboratory testing is performed as part of preoperative assessment. Current recommendations are that healthy older patients (Ͼ60 yr old) should be routinely tested for hemoglobin and hematocrit, glucose, blood urea nitrogen and creatinine, 12-lead electrocardiogram, and chest radiograph abnormalities (4, 5) . However, the usefulness of routine preoperative laboratory testing as a part of preoperative assessment has been scrutinized because of the escalation of health care costs (6 -9) . It is estimated that between $3 billion and $11 billion are spent in the United States annually on preoperative laboratory testing for all types of surgery (10, 11) , of which approximately one third is spent on the geriatric surgical patient population. The practice of routine preoperative laboratory testing in healthy older surgical patients is therefore costly, especially because evidence is lacking that such testing may predict or improve perioperative outcomes.
Several studies have investigated the prevalence of abnormal laboratory tests in the geriatric population (12) (13) (14) (15) (16) , but few have focused specifically on geriatric surgical patients. Accordingly, we conducted a prospective study to evaluate the prevalence and prognostic significance of abnormal preoperative laboratory tests in a cohort of elderly patients undergoing noncardiac surgery.
Methods
This study was conducted during a 1-yr period in 1997 at one of the University of California, San Francisco teaching hospitals (Mount Zion Medical Center). This hospital is typical of a community medical center providing health care to a heterogeneous group of elderly patients living in a San Francisco neighborhood. After approval by the IRB, 544 consecutive patients, aged 70 yr or older, presenting for anesthetic and noncardiac surgery, were included in the study. Patients presenting for surgery requiring only local anesthesia or monitored anesthesia care were excluded.
Data were obtained from medical chart review, anesthesia preoperative records, and daily progress notes. Preoperative risk factors measured included demographic information (such as age, race, and sex), type of surgery, preoperative clinically determined medical conditions (history of angina, dysrhythmia, myocardial infarction, hypertension, congestive heart failure, diabetes mellitus, pulmonary diseases, renal disease, liver dysfunction, neurologic disease, hematologic dysfunction, and history of alcohol consumption and smoking), and ASA physical status classification. The ASA status was determined before surgery, from history and physical examination by the attending anesthesiologists. We also measured surgical risk by the stratification method recommended by the American Heart Association/American College of Cardiology (17) . Clinically obtained preoperative laboratory results (hemoglobin and hematocrit, potassium, sodium, glucose, creatinine, and platelet count) were measured. In this cohort, all patients were scheduled to have a complete blood count, including platelet count, before surgery. The performance of other laboratory tests was not controlled by the study. The limits of abnormality chosen for each test were based on the range of normal values determined by our institutional clinical laboratory (Table 1) .
After surgery, patients were followed prospectively daily while in the hospital by a physician investigator until discharge for the occurrence of predefined inhospital postoperative adverse outcomes (cardiovascular, pulmonary, renal, hepatic or gastrointestinal, neurologic, infectious, thromboembolic, or surgical difficulties, reoperation, and death). All potential adverse outcomes were validated by a second investigator. Definitions of postoperative adverse outcomes are listed in Table 2 .
Categorical variables with two levels, such as history of hypertension, diabetes mellitus, heart disease, or comorbid diseases, were coded as 0 ϭ absent, 1 ϭ present, and unknown (missing) if information could not be determined from medical record review. Nonordered categorical data with more than two levels (such as types of surgery or anesthesia) were entered as K-1 dummy variables (indicator variables). To test for the association of preoperative risk factors with postoperative adverse outcomes, we used a two-step process. First, we tested each preoperative risk factor independently by using univariate analysis, specifically 2 with Yates correction or Fisher's exact tests. Variables with continuous data, such as age and laboratory data, were initially examined by logistic regression for their association with postoperative adverse outcomes. In addition, to test the association of abnormal preoperative laboratory tests with postoperative adverse outcomes, laboratory data were stratified into normal and abnormal by using specific cutoff values that were based on the range of normal values determined by our institutional clinical laboratory. These data were further analyzed with similar methods as described previously. Odds ratio (OR), 95% confidence interval (CI), and P values were reported. In a second step, those variables that had significant association with postoperative adverse outcomes on univariate analysis (P Յ 0.1) were entered in a stepwise multivariate logistic regression model. By using this statistical model, each variable was examined for association with postoperative adverse outcomes while we controlled for all other confounding variables. The contribution of each risk factor was assessed by testing the regression coefficient against zero. Risk factors were removed from the model in a stepwise fashion: the risk factor showing the smallest contribution was deleted at each step. The modelbuilding was stopped when all risk factors remaining in the model had regression coefficients significantly different from zero. P values, OR, and 95% CI were reported. A P value Ͻ0.05 was considered statistically significant. Statistical analysis was performed with STATA™ statistical software version 5.0 (Stata Corporation, College Station, TX).
Results
Overall, 544 patients who underwent 575 surgical procedures were studied. For those patients who underwent more than one surgical procedure during the study period, only the first surgical procedure was included in this analysis. The demographic data are presented in Table 3 . The mean age was 78 Ϯ 6 yr (range, 70 -100 yr). Fifty-six percent of our patients were female, and 44% were male. The majority of patients were Caucasian (82%). The most frequently performed procedures were general surgery (24%), followed by orthopedic surgery (18%). The majority of the patients were classified as ASA II and III (45% and 48%, respectively). The overall in-hospital mortality rate was 3.7%, and 110 patients (20%) developed at least one postoperative adverse outcome ( Table 4 ).
The most common postoperative adverse outcomes were cardiac and neurologic complications.
The prevalence of abnormal laboratory results in our study population is shown in Table 1 . A total of 2462 tests were performed, with 170 (6.8%) demonstrating abnormal values. The largest prevalence of abnormal results was found for creatinine (12%), hemoglobin (10%), and glucose (7%) values. Abnormal electrolytes values were infrequent (0.7%-5%). Very few patients had abnormal platelet counts (1.9%). Forty-five percent of all tests were performed in patients with ASA class ՅII, and 55% were performed in patients with ASA class ϾII. The percentage of abnormal tests in those patients with ASA ՅII was 3.6% (40 of 1112) vs 9.6% (130 of 1350) in those with ASA ϾII (P Ͻ 0.0001) ( Table 5 ). By univariate analysis, high creatinine values, hypernatremia, ASA classification (ϾII), surgical risk, and age increased the odds of postoperative adverse outcomes (Table 6 ). Of the coexisting medical conditions, a history of myocardial infarction, congestive heart failure, pulmonary diseases, neurologic diseases, and alcohol consumption (more than two drinks per day) were associated with postoperative adverse outcomes. In contrast, hyperglycemia (glucose values Ͼ200 mg/dL), anemia (hemoglobin values Ͻ10 g/dL), abnormal potassium levels, hyponatremia, and low platelet count (Ͻ115 ϫ 10 9 ) were not associated with postoperative adverse outcomes ( Table 6 ).
All variables that were significant after univariate analysis were entered in a stepwise multivariate logistic regression model. In the final model, only ASA classification (ϾII) (OR, 2.55; 95% CI, 1.56 -4.19; P Ͻ 0.001) and surgical risk (OR, 3.48; 95% CI, 2.31-5.23; P Ͻ 0.001) were significant independent predictors of postoperative adverse outcomes (Table 6 ).
Discussion
Our study demonstrated that the prevalence of abnormal electrolyte values and thrombocytopenia in elderly surgical patients was small (0.5%-5%). The prevalence of anemia, high creatinine values, and hyperglycemia was larger (10%, 12%, and 7%, respectively). However, none of the abnormal preoperative tests was associated with postoperative adverse outcomes.
Our results differ from two previous studies that investigated the predictive value of preoperative laboratory tests in general surgical patients (5, 18) . Velanovich (5) found that an abnormal preoperative glucose value was an independent predictor of postoperative bleeding, whereas McKee and Scott (18) demonstrated the association of postoperative complications with any preoperative laboratory abnormalities. Because both studies demonstrated that the prevalence of preoperative laboratory abnormalities increased with age, they recommended that routine preoperative testing should be performed in patients Ͼ60 years old. There are several potential differences between these two studies and ours. First, our population consisted of patients who were Ն70 years of age, whereas the previous two reports studied a much younger group. Second, despite the younger patient population studied by these two studies, a larger prevalence of preoperative laboratory abnormalities was found. The differences in the prevalence of laboratory abnormalities are probably secondary to the narrower range of values defined as normal (except for creatinine) by these studies. Some laboratory test results in these studies (5,18) may be only marginally abnormal and are likely to be of little clinical significance. Therefore, we chose wider ranges to define normal values in order to increase the specificity of the tests and, therefore, their clinical significance. Third, one of the studies (18) performed only univariate analysis to test the association of laboratory abnormalities with postoperative complications without adjusting for the potential confounding effects of covariates.
The range of abnormal laboratory results in the geriatric population reflects the population being studied and the reference range used to define normal values. In general, the healthy geriatric population has a small prevalence of having abnormal laboratory tests (12, 14) . For example, in a population study of 7196 ambulatory patients, the prevalence of hemoglobin, glucose, and creatinine abnormalities was small (5.5%, 8.3%, and 2.7%, respectively) (12). A similar prevalence was found in a study of geriatric patients presenting for ophthalmic surgery, in which only 5.9% of routinely obtained tests were abnormal (19) . In contrast, a substantially larger prevalence of abnormal results was demonstrated in a group of institutionalized elderly patients (11%-33% for hemoglobin, 11%-15% for creatinine, 25%-29% for glucose, 3%-5% for ENT ϭ ear, nose and throat. a I ϭ low-risk procedures, such as superficial procedures and breast surgery; II ϭ intermediate-risk procedures, including carotid endarterectomy, head and neck surgery, intraperitoneal and intrathoracic, orthopedic, and prostate surgery; III ϭ high-risk procedures, including major emergency surgery, aortic and other major vascular surgery, peripheral vascular surgery, and prolonged procedures associated with large fluid shifts or blood loss (17) .
potassium, 9%-10% for sodium, and 4% for platelets) (13, 15, 16) . The range of abnormal laboratory values in our patients fits in between the general and the institutionalized geriatric population. In fact, in a separate analysis for patients classified as ASA I-II, we found the prevalence of laboratory abnormalities to be as small as those found in the general population (3.6%). These results suggest that routine preoperative testing in geriatric surgical patients, particularly in those patients classified as ASA I-II, generally produce few abnormal results.
Our patient population was drawn from a teaching hospital providing care to community-based patients. To determine whether our patients are representative of the general geriatric population, we compared the health status of our patients and their postoperative complication rates with other geriatric populations. The prevalence of chronic medical conditions, such as hypertension and diabetes, in our patients was similar to that of another cohort of high-functioning older people (20) . However, more patients in our group had a history of a stroke and angina, most likely reflecting the fact that 35% of our patients were Ն80 years old. The complication rates in our patient population were comparable to those previously reported. In a study of 7306 consecutive patients presenting for noncardiac surgery during 1987 in Denmark (21), the authors found that the rate of cardiovascular complications inpatients Ն70 years was 14.9% (vs 10% in our study), CVA ϭ cerebrovascular accident; TIA ϭ transient ischemic attack. a Some patients had more than one type of complications (e.g., both cardiac and pulmonary complications), and within one type of complications, they might also have more than one subtype of complications (e.g., myocardial infarction and heart failure).
b Others ϭ vocal cord paralysis, clinically significant hypertension and hypotension, hypovolemic shock, and so on.
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the rate of pulmonary complications was 9.2% (vs 5% in our study), and the mortality rate was 3.8% (22) (vs 3.7% in our study).
Our results in the geriatric surgical patients agree with previous studies that demonstrated the limited value of routine preoperative testing in the general surgical population. These studies found that tests performed without any clinical indications yield a small percentage of abnormal results (7, 8, (23) (24) (25) (26) and rarely cause the change of perioperative management (7, 8, 23, 24, 27) or predict the occurrence of postoperative complications (7, 8, (23) (24) (25) . If routine preoperative laboratory testing were of limited value in geriatric surgical patients, would the elimination of these tests have a negative effect on a patient's perioperative care and postoperative outcome? A recent study by Schein et al. (28) with Ͼ19,000 elderly patients randomized to undergo cataract surgery, with or without a standard battery of laboratory tests, demonstrated that perioperative morbidity and mortality rates were similar in both groups. The authors recommended that preoperative testing in geriatric patients undergoing cataract surgery or procedures with similar surgical risk should be performed only when clinically indicated by history or physical examinations. The surgical risk associated with cataract surgery is small, and therefore the results of this study may not be directly generalized to all geriatric surgical patients. However, our results, along with those from Schein et al., would suggest that the recommendations to eliminate routine preoperative laboratory testing may be extended to geriatric surgical patients with few comorbidities (e.g., ASA I-II). Our results also suggest that the present guidelines for routine preoperative laboratory testing in older patients should be reevaluated. Specifically, routine preoperative laboratory testing for hemoglobin, creatinine, glucose, platelets, and electrolytes on the basis of age alone may not be indicated. Rather, the performance of these tests should be based on the preoperative history and physical examination, which CI ϭ confidence interval. Note that although the laboratory abnormalities were not statistically significant to be included in the final model, the odds ratios (as each one is added separately to the final model), P values, and 95% CI were included in the table for reference. See Discussion for details.
a P Ͻ 0.1 was considered statistically significant. b P Ͻ 0.05 was considered statistically significant. * Significant P value.
will determine patient's comorbidities, type of surgery, and the likelihood that these tests will change perioperative care. Our study suggests that it is the performance of the preoperative history and physical examination that is the critical part of preoperative evaluation, rather than simply testing alone. The economic implications of our study may be substantial by eliminating many routine preoperative laboratory tests in relatively healthy older surgical patients (ASA class I-II). Nationwide, more than 16 million older patients (Ͼ65 years old) undergo surgery annually (2) . By using the results from our study, we can estimate that approximately half of the geriatric surgical patients may be classified as ASA I-II. By applying the current reimbursement rates by Medicare of $36.32 per patient for complete blood count with platelets, electrolytes, creatinine, and blood urea nitrogen, and glucose measurements (29) , approximately $290 million may be potentially saved annually by eliminating these preoperative tests in geriatric surgical patients who are classified as ASA I-II. In addition, potential cost savings may also be obtained if abnormal test results delay surgery or result in additional follow-up tests.
There are several potential limitations to our study. First, we collected and examined only clinically available data. As shown in Table 1 , only half of our patients had preoperative glucose, and two thirds of our patients had preoperative electrolytes and creatinine values measured. However, the multivariate logistic regression analysis included only patients with both preoperative laboratory studies and outcomes. Also, further analysis demonstrated that patients who have no postoperative complications had similar rates of missing data as those with postoperative complications. Similarly, there was no difference between missing laboratory studies and specific surgical procedures. We cannot determine the predictive value of other laboratory tests that are not routinely obtained, such as preoperative albumin level, which was an important predictor of postoperative morbidity and mortality in a Veterans Affairs surgical risk study (30) , as well as other tests, such as the six-minute walk test, which assesses exercise capacity.
Second, if physicians treated the conditions related to the preoperative laboratory abnormalities either before or during surgery, postoperative outcomes may have been altered. We examined this possibility by reviewing the surgical cases that were canceled before surgery and found that none was canceled because of preoperative laboratory abnormalities. However, we cannot determine how many patients were under the care of a physician chronically before their preoperative evaluation. In general, most patients included in the study typically had the battery of laboratory tests performed immediately before surgery. Thus, the possibility that abnormal laboratory tests were corrected before preoperative testing was unlikely. We also reviewed the intraoperative management and found that no patients received electrolyte supplementation or platelet transfusion because of preoperative abnormalities. Intraoperative transfusion of red blood cells for minimal blood loss (Ͻ200 mL) occurred in only four patients. Although we cannot determine with certainty, it is unlikely that the outcomes for these patients would have been altered simply because of intraoperative red blood cell transfusions.
Third, because of the small prevalence of certain abnormal preoperative tests, we determined the precision of our estimates (ORs) for the laboratory tests by examining the width of the confidence intervals. Our results indicated that the confidence intervals were relatively narrow, reflecting the large sample size of our study, and, therefore, the precision of the estimates. However, we note that for ORs of 1.86 (high creatinine), and 2.5 (sodium abnormalities), these estimates may represent a clinically significant increased risk, although our data suggest that there is no substantial predictive value.
Fourth, it should be noted that our study addressed only preoperative laboratory studies, and this is only one of several components of preoperative evaluation. We did not address other issues of preoperative assessment, such as preoperative history and physical examination, which, as suggested from the results of our study, should still serve as the basis for obtaining tests.
Fifth, it is possible that when assigning the ASA classification, the anesthesiologist considered the laboratory abnormalities in conjunction with the health status of the patient. However, this is unlikely because most anesthesiologists assign the ASA classification primarily on the basis of the physical condition of the patient. Obviously, laboratory tests previously performed for reasons unrelated to surgery as part of a disease work-up might influence the ASA classification. It can be inferred from our results that the majority of the patients may have had regular access to medical care before surgery, because 84% of the patients had at least one of the preoperative clinically determined chronic medical conditions. Whether these patients had laboratory tests performed for reasons unrelated to surgery, thus biasing the ASA classification, cannot be determined.
In conclusion, our results demonstrated that the prevalence of preoperative electrolyte and platelet count abnormalities was small and had a small predictive value. Similarly, preoperative anemia and creatinine and glucose abnormalities, although more prevalent, also had small predictive value. By multivariate analysis that included laboratory data, health status, and patient demographics, only ASA classification and surgical risk were independent predictors of in-hospital adverse postoperative outcomes. Routine preoperative testing for hemoglobin, creatinine, glucose, and electrolytes on the basis of age alone may not be indicated in older patients. Rather, selective laboratory testing, as indicated by history and physical examination, which will determine a patient's comorbidities and surgical risk, seems to be indicated.
